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Abstract 
In this paper, we calculate and analyze the structure and electronic states of Ag(111)/O2 surface by the first-principle 
calculation. There are four adsorbed surface structure listed as follow: top site, single bridge site, double bridge site and 
hollow site, which were calculated the relaxation properties, the adsorbed energy, work function and so on. The results 
presented in this work show that the optimum structure is double bridge site, and it’s adsorbed energy is the lowest. O2 
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1. Introduction. 
There is prodigious advancement in preparation method, co catalyst and carrier of Ag catalyze by 
the development of seventy years. Ag catalyze attached importance to many companies in the world 
because it was the only catalyze to ethylene epoxidation of ethylene oxide. Siriphong Rojluechai [1] 
found out Ag/ Al2O3 was the most activity between Al2O3ˈTiO2ˈCeO2 in the epoxidation of ethane. 
At the same time, they appended a little Au in the catalyze Ag/Al2O3 so that heightened the activity. 
The cause is Au played the role of liquefier in the catalyst, thus there was Ag monolayer in Ag surface, 
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which was adapted to adsorb O2. Therefore, the problem of the adsorption in the Ag surface was 
important in solid surface physics and chemistry. 
In this paper, we calculate four models and analyze their surface relaxation, the character of adsorption, 
work function, electronic states of Ag(111)/O2 surface by the module of CASTEP in the first-principle 
calculation to investigate the activity of Ag adsorption sites, so that provide theoretical support for the 
preparation of high activity noble metal catalyst.  
2. Calculation method. 
Our first principles calculations are based on spin density functional theory and use a plane-wave, 
pseudopotential formalism(CASTEP) [2]. Gradient corrections are included using the Perdew-Burke-
Ernzerh form of the generalized gradient approximation(GGA) put forward by Perdew and Burke [3]. There 
are four adsorbed sites which are top site, single site, double site and hollow site. The surface is composed 
of five slabs that the underside four slabs is the fundus, correspondingly the top slab is the surface which O2 
is adsorbed in, and there is 15Å Vacuum to detach the border layer. There are two layers to be the substrate 
which is in the underside and stationary, the top three layers to be mutative which simulate the surface atom 
relaxation. In this calculation, a plane-wave cut-off energy of 380eV is used, with 4h4h1 K-points for 
Brillouin zone integration and a Fermi surface smearing of 0.1eV. 
3. Result and discussion. 
3.1. The surface layer atomic structure of clean Ag(111) 
The initial structure of Ag (111) is important to the adsorption of O2 in Ag (111). Therefore it should 
consider the adsorption on Ag (111) surface relaxation first. In this work, then optimize crystal lattice 
parameters is 0.4017nm after calculated, which is smaller about 1.7% compared to the experimental value 
0.4086nm [4]. The surface model consists of five layers, then we get the surface energy, relaxation 
properties and the change percentage, in the distance, between different Ag atoms layers according to (1). 
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Where d is the spacing of the initial atomic layer, i represent the i-th atomic layer, j on behalf of the j-th 
atomic layer. With compared to other experimental and theoretical results as shown in Table 1. The error is 
very small, indicating the accuracy of model design and calculation. 
Table.1 Comparison of relaxation propertiesǃwork function and surface energy of Ag(111) 
 ɷd12/% ɷd23/% ĭ/eV ı/(J/m2) 
GGA[5] 1 0.8 4.412 1.185 
Exp.[6,7] 0.0±2 0.0±2 4.26 1.246/1.250 
This work 1.7 1.5 4.429 1.311 
Note: ĭ and ı represent work function and surface energy. 
3.2. The atomic structure of Ag(111) adsorbed O2 
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The geometry of O2 adsorb on Ag (111) on shown in Figure 1: (A) the top site, oxygen atoms with a 
single silver atom bonding; (B) single bridge site, a single oxygen atom and two silver atoms bonding; (C) 
double bridge site, two oxygen atoms and two silver atoms bonding; (D) the hollow site, one oxygen atom 
bonded to three silver atoms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
In Table 2, there is the percentage of length change of O-O, Ag-O bond and adsorption energy between 
before and after four models optimization structures, and use equation (2) calculate adsorption energies. 
2 2ads / (111) (111)O Ag Ag O
E E E E     ÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂÂ˄2˅ 
EO2/Ag(111), EAg(111) and EO is respectively represented the total energy of adsorbed system, Ag (111) 
substrate and isolated O2. If the adsorption energy is positive, the reaction is exothermic, and The greater 
value is, the stronger the O-Ag interaction is. As we can be seen from Table 1, the maximum adsorption 
energy of the double-bridge site is 4.111 eV, and the distance of oxygen atomics increases from 0.1207 nm 
to 0.1341 nm after adsorbed, which indicated that oxygen molecule dissociates. With the accretion of O-O 
bond length, the activity of oxygen atomics on Ag (111) increases, so that it is more easily to occur the 
catalytic reaction with other gas molecules (e.g., CO). Therefore, the adsorption of the double bridge site is 
the most favourable. 
Table.2 Comparison of relaxation properties and adsorbed energy of Ag(111)/O2 
 Ƹ
dO2/ % 
Ƹ
d12/ % 
Ƹ
d23/ % 
dAg-O/nm dO-O/nm hAg-O/nm ĭHY Eads/(ev/atom) 
Top (A) 0.12 0.3 0.6 0.2311 0.1285 0.2310 4.846 -3.768 
Single 
bridge(B) 
0.29 0.03 0.3 0.2357 0.1304 0.1777 4.619 -3.873 
Double 
bridge(C) 
0.15 0.2 0.2 0.2247 0.1341 0.2091 4.878 -4.111 
Hollow(D) 0.16 0.2 0.1 0.2296 0.1337 0.1395 4.634 -4.080 
Note: hAg-O is the bond length between oxygen atom and WKHVLOYHUDWRPĭ represent the work functionˈ Eads is the adsorption energy. 
From Table 2, the different adsorption sites of O2 conduce the different distance of O atoms and the 
outermost layer of Ag atoms. The distance of single bridge site changes a maximum of 0.29%, while others 
change its only about half. This relates to the bonding of O atoms and Ag atoms and the distance from O 
atoms to the Ag atomic layers.. The influence is not obvious between the movement of Layer of Ag atoms 
and the adsorption energy of different sites. 
a b 
Fig.1 The adsorbed structures; blue ball is Ag, red ball is O; AǃBǃC and D are the adsorption site; a is 
the platform, bis side elevation. 
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3.3. The electronic states of double bridge site 
As derived from for The most favorable adsorption site is the double bridge site according to Table 2, 
we can infer the electronic properties of the adsorption sites based on their electronic state. Figure 2 is the 
chart of the valence electron density sections of O2 adsorbed in Ag (111). Figure 2 (A) is the longitudinal 
section shows that the majority of valence electrons of Ag atoms are transferred to the O atom. Figure 2 (B) 
is the horizontal sections. B1 is the first layer of Ag atomic layers, and B2 is the third layer of Ag atomic 
layers. The figure shows that the electron density of the first layer greatly influenced by the O2, and the Ag 
atom which bond to O is not bond with each other, and the electron density of third Ag layer is similar to 
the substrate because of its less affected by O2 adsorption. 
Gravil [8-10] found out that the bond of oxygen atomics adsorbed in the Ag (110) behave ʌg * . As 
Figure 2 shows, when O2 in the Ag (111) adsorption, Ag and O atoms from molecular orbital by the type of 
"shoulder to shoulder," d orbital in the outermost layer of Ag superpose with p orbital in the outermost of O 
so that occur the anti-bonding of ʌ-type, viz. ʌJwhich similar to the results of Ag (110) adsorption. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4. Conclusion. 
In this work, we calculate and analyze the structure and electronic states of Ag(111)/O2 surface by the 
module of CASTEP in the first-principle calculation. The results show that: the best adsorption site is the 
oxygen molecules bond paralleled to the Ag (111) that the double bridge adsorption sites, and the 
adsorption energy is -4.111eV, the adsorption process is a exothermic process. The interaction performance 
is ʌg * between the oxygen atoms and silver atoms after oxygen molecules adsorbed on Ag (111).  
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Fig.2 Local cross-section density distribution of Ag(111)/O2 
675Wenting Lu et al. / Procedia Engineering 31 (2012) 671 – 675
[3]  John P. Perdew, Kieron Burke, Matthias Ernzerhof. Generalized Gradient Approximation Made Simple, [J]Phys. Rev. Lett. 
1996, 77:3865  
[4]  KH Hellwege, AM Hellwege, Landolt-Bornstein. Structure Data of Elements and Intermetallic Phases, [J]New 
series ,1971,Vol.ċ:6 
[5]  Wei-;XH/L&DWKHULQH6WDPSÀ0DWWKLDV6FKHIÀHU2[\JHQDGVRrption on Ag (111): A density-functional theory investigation. 
[J] Phys. Rev. B. 2002, 65:075407 
[6]  E. A. Soares, G. S. Leatherman, R. D. Diehl. Low-energy electron diffraction study of the thermal expansion of Ag 
(111).[J]Surf. Sci. 2000, 468:129. 
[7]  Rtyson W, Miller W A. Surface free energies of solid metals: Estimation from liquid surface tension measurement. [J]Surf. Sci. 
1977ˈ62(67):276 
[8]  P.A. Gravil, J.A. White, D.M. Bird, Chemisorption of O2 on Ag(110), [J] Surf. Sci. 1996, 352-354:248 
[9]  Thorsten M. Bernhardt , Liana D. Socaciu-Siebert, Jan Hagen, Size and composition dependence in CO oxidation reaction on 
small free gold, silver, and binary silver–gold cluster anions, [J] App. Catal. A: General ,2005,291: 170 
[10]Chen Wenbin, Tao Xiangming, Chen Xin. A density-functional theroy study on the  chemisorption and STM images of 
Ag(100)/O surface. [J]Acta phys. Sinica, Vol.57, No.1, January.2008:488 
